ABSTRACT. To develop a rapid and specific method to detect and/or identify enterohemorrhagic Escherichia coli O157:H7, two mouse monoclonal antibodies (MAbs) were prepared. Specificities of these two MAbs (1D9 and 3E8) were determined by flow cytometry method (FCM). MAbs 3E8 and 1D9 were found to react with E. coli O157:H7, Citrobacter freundii and Salmonella group N (O:30), but not with Escherichia hermannii. With a mixture containing strains of E. coli O157:H7 and E. coli O6:H1, two different peaks appeared in FCM with MAbs, whereas a single peak appeared with polyclonal rabbit antiserum. From these findings, FCM with MAb is suggested to be a rapid, specific, and useful method to detect and identify strain(s) of E. coli O157:H7 in food ingredients. -KEY WORDS: Escherichia coli, FCM, O157.
Preparation of bacterial antigen: According to the methods of Ewing [9] , Escherichia coli O157:H7 strain 82-2115, which was isolated from outbreak of food poisoning, was grown in Casein Soy Peptone Agar (Nissui Seiyaku, Tokyo, Japan) at 37°C overnight. Colonies were harvested and suspended in saline solution. The suspension (10 12 /ml) was treated at 100°C for 1 hr and then employed for the experiment. Other bacterial cells were also prepared by the same procedure as described above.
Immunization of mice and rabbit: One hundred µl (10 11 ) of heat-killed Escherichia coli O157:H7 strain 82-2115 was intraperitoneally injected into female Balb/c CrSlc mice every week for 8 weeks. Four days after final immunization, mice were sacrificed and their spleen cells were fused with myeloma cells. According to the methods described previously [14] , rabbits were immunized at 4-day intervals with a gradual increase in the volume of bacterial suspension.
Fusion and cloning: Fusion and cloning were basically performed by the procedure of Galfre [11] . Spleen cells from immunized mice were fused with myeloma cells ATCC CRL-1589 (P3X63Ag8.653) by using 50% polyethylene glycol 1,500 (Boehringer Mannheim GmbH, Mannheim, Germany) and were grown in selective medium (HAT medium). Culture supernatants from wells with hybridoma grown were screened for the production of specific antibodies against E. coli O157:H7 by a direct enzymelinked immunosorbent assay (ELISA).
Immunoglobulin isotyping: Immunoglobulin isotyping
Escherichia coli O157:H7 is the etiologic agent of hemorrhagic colitis and a cause of hemolytic uremic syndrome since it produces Shiga toxins (Stxs: also referred to as verotoxins (VTs)) [12, 13, 23, 25, 26] . Thus it is now well-understood as a serious bacterial cause of human morbidity and mortality. Most outbreaks of hemorrhagic colitis have been reported to be associated with food-related infection [3, 15] , indicating that we have to develop a rapid, sensitive and specific assay for detecting enterohemorrhagic E. coli O157:H7 in foods. Although immunoassays for detection of E. coli O157:H7 have been reported [10, 16, 24] , polyclonal antibodies against E. coli O157:H7 has been shown to cross-react with somatic antigens of Salmonella group N (O:30) [6, 19] , Yersinia enterocolitica serotype O:9 [7] , Brucella melitensis [4, 5] , and Pseudomonas maltophilia [8] . To develop specific immunological methods for detection of enterohemorrhagic E. coli O157:H7, attempts have been made to prepare mouse monoclonal antibodies (MAbs) [17, 18] . At the present time, however, these available methods for immunologically detecting E. coli O157:H7 in foods are time-consuming. To overcome such a problem, we have developed flow cytometry method (FCM) to analyze E. coli O157:H7 by using the specific MAbs since FCM has been already reported to be a rapid method to detect E. coli O157:H7 and enterotoxin exposed on Clostridium perfringens spores using polyclonal antibodies [14, 21] .
MATERIALS AND METHODS
Bacterial strain: Strains of Escherichia coli were obtained was done by using Mouse Typer R Sub-isotyping kit (BioRad Laboratories, Richmond CA, U.S.A.) according to the instructions given by the manufacturer.
ELISA: Each well of 96-well ELISA plate (Iwaki Glass, Tokyo, Japan) was treated with 10 µl of poly-L-lysine hydrobromide at 50 µg/ml (Sigma Chemicals, St. Louis, MO, U.S.A.) by incubation at 37°C for 1 hr. After treatment, 100 µl of heat-killed E. coli O157 suspension (10 12 /ml) was added to each well of the plate and the plate was allowed to stand overnight at 4°C. After removal of the antigen suspension, 200 µl of Block Ace (diluted to 1:10, Di-Nippon Pharmaceutical Co., Osaka, Japan) in phosphate buffered saline containing 0.05% Tween 20 (PBST) was added to each well. After incubation at 37°C for 1 hr, the blocking buffer was removed and 100 µl of hybridoma supernatants was added to the well. The plate was incubated at 37°C for 1 hr, and then the wells were washed 4 times with PBST. Horseradish peroxidaseconjugated goat anti-mouse immunoglobulins (IgG+IgM) (diluted to 1,000, Biosource International, CA, U.S.A.) was added and incubated at 37°C for 30 min. After washing similarly the plate, 200 µl of 2'2-azino-di-(3-ethylbenzthiazoline sulfate)-peroxidase substrate was added to each well. Absorbance at 405 nm of each well was measured with a Microplate Reader Model 405 (Bio-Rad Laboratories, Richmond, CA, U.S.A.).
For competitive binding assays, 100 µl of biotinylated MAb was added to each well after incubation of unlabeled MAb with E. coli O157:H7 as an antigen and the plate was incubated at 37°C for 1 hr. After washing the plate, 50 µl of peroxidase-conjugated avidin (diluted to 1:500, Sigma Chemical Co., St. Louis, MO, U.S.A.) was added to each well. After incubation at 37°C for 30 min, color development was carried out as described above.
Ascitic fluid: The Balb/c CrSlc mice were primed by intraperitoneal injection of 0.5 ml of 2,6,10,14-tetramethyl pentadecane (Pristane, Sigma Chemical Co., St. Louis, MO. U.S.A.). Ten days later, mice were injected with 10 7 hybridoma cells. Mouse ascitic fluid was collected from 10 through 20 days postinjection. Cell debris and fibrin clot were removed by centrifugation (3,000 × g, 10 min).
Labeling of rabbit anti-O157 serum: Rabbit antiserum was purified by gel filtration on Sephacryl S-300 (Pharmacia, Uppsala, Sweden). Purified antibodies were labeled by the methods of Williams and Chase [27] . Thirty µg of FITC was added to 1 mg of antibody and incubated at 25°C for 1 hr. Then the mixture was applied to gel filtration on Sephadex G-25 (Pharmacia, Uppsala, Sweden). Further purification of FITC-labeled antibodies were carried out by ion-exchange chromatography on DEAE-cellulose (DE-52, Whatman Paper Ltd., Maidstone, England).
Biotinylation of MAb: Biotinylation was performed by the methods described previously [1] . One hundred µg of NHS-LC-biotin (Pierce Chemical Co. Rockford, IL, U.S.A.) was added to 1 ml of MAb (1 mg/ml) equilibrated with 0.1 M NaHCO 3 . The mixture was allowed to stand at room temperature for 4 hr, after which it was subjected to dialysis against 0.15 M phosphate buffered saline.
Agglutination reaction: Two-fold serial dilutions of MAbs (ascitic fluid) were prepared in saline, and 0.1 ml of each dilution was mixed with the same volume of heat-killed bacterial suspension on a glass slide. Agglutination reaction was visually observed.
Flow cytometry method: Test samples analyzed by flow cytometry method (FCM) was prepared as follows: 0.4 ml of heat-killed E. coli O157:H7 (10 8 /ml) was mixed with 50 µl of FITC-labeled purified rabbit antibody for 10 min at 37°C. When MAb was used, 50 µl of FITC-labeled goat anti-mouse IgM (diluted to 1:20, Biosource International, California, U.S.A.) was added to the mixture and incubated 10 min at 37°C. 
RESULTS AND DISCUSSION
Properties of MAb: Antibody-producing hybridomas were screened by four different fusions. Of hybridomas secreting antibody tested, finally two hybridomas were isolated. Both hybridomas were found to produce IgM (Κ) and named as 1D9 and 3E8. To study specificities of these two MAbs in mouse ascitic fluids, competitive binding assays were carried out. The results indicated that the specificity of MAb 1D9 was different from that of MAb 3E8.
Agglutination experiments were made to test agglutinating abilities of both MAbs with heat-killed E. coli O157:H7 strain 82-2115. The agglutinating titer (1:128) of MAb 1D9 was the same as that (1:128) of rabbit antiserum against E. coli O157:H7, whereas the agglutinating titer (1:256) of 3E8 was 2 times higher than that of MAb 1D9.
To study whether or not both MAbs react with various strains of E. coli O157:H7 in addition to E. coli O157:H7 strain 82-2115 used for immunization, reactivities of both MAbs with 30 different strains of E. coli O157:H7 isolated from sporadic food poisonings in Osaka Prefecture were determined by ELISA. The results are summarized in Table  1 . Both MAbs reacted with all strains of E. coli O157:H7 isolated from sporadic outbreaks of food poisoning (Table  1) . These results are supported by those obtained by FCM analysis as presented in Table 2 although the values of peak channel of each strain of E. coli O157:H7 was not the same.
To study cross-reactivities of these two MAb with strains Table 3 . The values of peak channel of these strains of E. coli are quite different from those of E. coli O157:H7 (strain 387) as presented in Table  3 , indicating that these two MAbs are O157:H7-specific.
Since cross-reaction of polyclonal antibody against E. coli O157:H7 (strain 387) has been reported with somatic antigens of Salmonella group N (O:30) [6, 19] , Escherichia hermannii [20, 22] , Citrobacter freundii [2] , reactivities of both MAbs were tested by FCM with strains of C. freundii, E. hermannii, and Salmonella group N (O:30). The values of peak channel obtained are summarized in Table 4 . As presented in Table 4 1, E. coli O6 (10 8 CFU/ml); 2, E. coli O6 (10 9 CFU/ml) + O157 (10 8 CFU/ml); 3, E. coli O6 (10 8 CFU/ml) + O157 (10 8 CFU/ml); 4, E. coli O6 (10 7 CFU/ml) + O157 (10 8 CFU/ml); 5, E. coli O6 (10 6 CFU/ml) + O157 (10 8 CFU/ml); 6, E. coli O157 (10 8 CFU/ml). Mixture* shows the peak appeared between O6 and O157 peaks. #P means polyclonal antibody. samples, a mixture of strains of E. coli serotypes O157:H7 (strain 387) and O6:H1 (strain Bi 7548-41) at different ratio was analyzed by FCM. The values of peak channel are summarized and presented in Table 5 and Fig. 1 . As presented in Table 5 , the peak channel of strain of E. coli O157:H7 could not be separated from that of E. coli O6:H1 since a single channel peak was found with rabbit antiserum against E. coli O157:H7. With two different MAbs, however, the peak channel of strain of E. coli O157:H7 was obviously separated from that of E. coli O6:H1 because two different channel peaks appeared ( 
